Structural biology of plasmid partition: uncovering the molecular mechanisms of DNA segregation.
DNA segregation or partition is an essential process that ensures stable genome transmission. In prokaryotes, partition is best understood for plasmids, which serve as tractable model systems to study the mechanistic underpinnings of DNA segregation at a detailed atomic level owing to their simplicity. Specifically, plasmid partition requires only three elements: a centromere-like DNA site and two proteins: a motor protein, generally an ATPase, and a centromere-binding protein. In the first step of the partition process, multiple centromere-binding proteins bind co-operatively to the centromere, which typically consists of several tandem repeats, to form a higher-order nucleoprotein complex called the partition complex. The partition complex recruits the ATPase to form the segrosome and somehow activates the ATPase for DNA separation. Two major families of plasmid par systems have been delineated based on whether they utilize ATPase proteins with deviant Walker-type motifs or actin-like folds. In contrast, the centromere-binding proteins show little sequence homology even within a given family. Recent structural studies, however, have revealed that these centromere-binding proteins appear to belong to one of two major structural groups: those that employ helix-turn-helix DNA-binding motifs or those with ribbon-helix-helix DNA-binding domains. The first structure of a higher-order partition complex was recently revealed by the structure of pSK41 centromere-binding protein, ParR, bound to its centromere site. This structure showed that multiple ParR ribbon-helix-helix motifs bind symmetrically to the tandem centromere repeats to form a large superhelical structure with dimensions suitable for capture of the filaments formed by the actinlike ATPases. Surprisingly, recent data indicate that the deviant Walker ATPase proteins also form polymer-like structures, suggesting that, although the par families harbour what initially appeared to be structurally and functionally divergent proteins, they actually utilize similar mechanisms of DNA segregation. Thus, in the present review, the known Par protein and Par-protein complex structures are discussed with regard to their functions in DNA segregation in an attempt to begin to define, at a detailed atomic level, the molecular mechanisms involved in plasmid segregation.